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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a manufacturing method 
of a positive electrode active material for a secondary battery 
having high energy density and excellent repetitive 
charge-discharge performance and to provide a secondary 
battery using it. 

SOLUTION: This secondary battery uses a positive electrode 
active material LixMnaNibCoc02 obtained by heat-treating a 
mixture comprising a trivalent transition metal compound in a 
temperature range of 950-1 100° C, (where, a, b and c should 
be positioned in a range shown by a region surrounded by lines 
connecting four points comprising a point A (a, b, c)=(0.5, 0.5, 0), 
a point B (0.45, 0.55, 0), a point C (0.25, 0.35, 0.4) and a point D 
(0.3, 0.3, 0.4) on a ternary state diagram expressing the 
relationship thereof, and X should be 0.95≤x/(a+b+c)≤1.05). 
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^^^»oz:^9c«^l!lffiJEtte«»^t©^EgRtJf•ti^ftfflv^ 
9 5 oiceLhi i o oTceiToaftttH-cHiwaaLTi* 

fcftfcEffigfcjfL i.Mn.N i»Co.Q, (ffl.U 
a, b, ctt, *©Bfl«**1-3 5E*t«Bi±K:48V^T, 
AA (a, b, c) = (0. 5, 0. 5, 0) v MB 
(0. 4 5,0.5 5, 0) % AC (0. 2 5, 0. 3 
5, 0. 4) , AD (0. 3, 0. 3, 0. 4) 

9v 0. 95^x/ (a + b + c) SI. 0 5^*5) 
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[#£Fit!5fc©«&B] 

[ffjfrfl] L i.Mn.NibCo.Oj (fflU a, 
b, cit, *©Bfl«Sr*i-35n«t«llBa±K:i8V^T» £A 
(a, b, c) = (0. 5, 0. 5, 0) , MB (0. 

4 5, 0. 5 5, 0) . AC (0. 2 5, 0. 3 5, 
0. 4) , £D (0. 3, 0. 3, 0. 4) d»5>*5 4 

0. 95^x/ (a + b + c) SI. 0 5"(?i)5) T# 

M*£2] '>4<HMnitl<N i Sr«*5c*R:-g' 
tpE^gfe®SrS[jt1-2.*)EfeffcoT, Mn, N i 

o ■csLt iioo r wTcagiBH-ciiMaai-s ^ t * 

#® k -ti lE«Sfcfr©(Kji#fe, 
[It** 3] IWMb-e*l4, 3«©»^&JR©^«!) 
Sr#m 1 1"5ff *5 2 1E«© jEffigfe »©§S 

5 ft *« 2 E«© jE«S«i«©Kife&S5fe.. 
[ft#£5] NiXtfCo*>fe*5194iS3lai© 
5 *>ffl2I«ffi^®^«^1-2.^:T(0®#^Jg5c^©3 

*^K^jtTttJMfe«r£j*S*, ttlB2tJR4fe& LT# 

Sr*f»ii-5I»*B 2 ~ 5 ©vvi* foft»K:Ett«HEM5lb 
«©Kit^fe. 

2 O s • nH s O-T?fc5ft*93~6©V^^IC|H«© 
:£«&**©«:!#& 

[II&4C 8 ] MlES-g-^c^ ma n i fts*ft#N i 

,0, • nH,OT?*>5l»*g3~7©VN-f*i/a»K:ffi«© 

2 0 3 • nH 2 Ot?fe5fl*93~8©V>-fix^C|E@© 

1 0 ] mim 2 ~ 9 ©I vf *t*»KB«©i85t 
*MfflV^CJ:^iit5, it#SllE*©:£*ffi 
fe»©S^ffi 0 

[»** 1 1 ] mvx 2 ~ 9 ©v ^-fiia»icE»o«a 

©iE^ffifeSo 
[11*5 1 2 ] M&g 1 fcfcft 1 1 tefEfc©IE®£#> 



(2) ftH 2002-304993 

2 

[0 00 1] 

[5§W©jg^3i5»l?] *38MI4, tftfljEfflSttflt 
©SSit^rifei » *tt£^Wc#*S«®-&«?l!it£W1- 
5. 

[0 0 0 2] 

[«*©«*] y f- *> a - »m**©**«)wf =r« 

/hM^**^»ttfflffiSgft^©tt$ii: LT£< 

y ^ * J* ©Jf A • JK«©II 9 55 L «fc o T 

flho f£»«JE#4V#iff©t>©i JlttftftD 
p f ^ Aa/^ hStt^y f)A=y X 

[00 0 3] 4 V®©f^«)«teSr^1-5^7km^ 

«-^«?fe©IE1lf§^@t UT, LiCoO,, LiN 
20 iO:, LiMnO,> L iMn,0,f©!)f 

/Udf-fl&g 5a-NaFe0 2 #B6«r*rr 5 

jE*fiHMI©if»-T\ LiCoO:^$^yf!?A 

ffi^fljvtV^fcP^jl^fcofc,, LiNiOj 

$ tus y a= y ^A-*^-»^fc*ri. LiCo 

i Mn 2 0 4 htiMLX-bft\<^*A'¥— «g£ 
30 4>U4*e>, WIEL i N i 0 2 13, ^l:#oTg a B a 

mm KMittm r. 5 fc & , ^jscmtttg^sv % t v % 5 

[0 0 0 4] C©iISiCOV vC, Kanno, R. ;Kubo, E ;Kaw 
amoto, Y. Kamiyama, T. ;Izumi, F. ;Takeda, Y. ;Takano, M. Ph 
ase Relationship and Lithium Deintercalation in Li 
thium Nickel Oxides. J. Solid Sate Chem. 110 (2) , 1994, 
216-225. JSWc/BV^N i (II)*Sr6 0 0"C 

«±©Km#H5lT-CN i (III)CIWbS*5ifla-CL 
i d5L i*om<wm-?BlMtZZ.kK.XZk$tiXV* 
40 So ZpX 5*^ffiLfc^-f h»CN i fcSVMIL i^^p 

[0 0 0 5] rn^tSfS^LT, LiNiO. 
©N i HtJW5E*-e«ft"f *SEHf*ii;< 
TV^o fci^tf*H4WJ|5 6 2 6 6 3 5^<&« (19 
97#) {CftL i — Mn — N i -07C**K:«*>5tt«# 
li*$i^TV^?, 0 *fc*H#fF^6 0 4 0 0 9 0^# 

(2000^) ^#18^8-2 13 0 1 5#^«lCttL i - 
Mn — N i - Co-05c**fc«fc5S3ff#n*gJvC 

50 v^s 0 r^e>©e*fri4, v^t«v^acmttiBSr 
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[0 0 0 6] #PB¥8- 1 7 19 1 0*^t«lC 

14, N i ©-&S:Mnfd5fcH{Cg&-f 3fc«>tJ:8 0 0t 

SftTV^. -©fcfc> K^«T?I4L i N i , - aMn o 
O,-C*S;h.5a©tt&0. 05~0. 30tU 60 
0'C~8 0 0 , C-ej&!£1-5riT, F^BSr&fcLT^ 

5. 

[0 0 0 7] 
[0 0 0 8] 

[RH*jWfti-5fc«>©#a] #3^1*. L i ,Mn.N 
ibCo.Oa ({&U a, b, c fi, ^<D|i#Sr^i-3 
5c*H8H±K:*JV^T» AA (a, b, c) = (0. 5, 
0. 5, 0) ,-AB (0. 4 5, 0. 5 5, 0) , AC 

(0. 2 5, 0. 3 5, 0. 4) . AD (0. 3, 0. 
3, 0. 4) a»e>4*4j«Sr*Ay«aU6T?BB4^*«l* 
T*$tv5iSHT-fc!?, 0. 95^x/(a + b + c) 
^ 1 . 0 5T&5) ■C***l,5*'&»ft*4»fe*S]E« 

[0 0 0 9] '>*< irtMnMN i Zmfcyim 

lC^tfjE«?§^®^SSit1-5^fe-efeoT, Mn, Ni 

5 <£T ©MI^SteP!! ©-ffc£-^ Sr&tf Sr 
9 5 0"C£LLl 1 0 0 < C«T<OiaS®HTfi^Sli-5r 

looio] *fc, tfUB-fb^it, zm<DW&&m<mk 
[ooii] fliiBfb&tttt:, 3*©s&&jg©fc 

[0 0 12] Sfc, - N iXtfC o*6>43»WfcJR7C* 
IS© 5 *>*ai5jEffiS«b®^^i-5^TOS^&JS5u^ 
©3«©fc^£^#LT*-52k*g?Ki, MnOft^ 

f#fe*ifca^«srf«a3ai-i r. t t-fs jobs 

[0 0 13] WCa^tett, *!>JlHls3*«r£tf 

[0 0 14] Sfc, IfJfBS^^StbSMn-fb-g-tl^ 

Mn 2 o 3 • nH 2 o-efc5Effiefe«©ssit*-te-e$> 
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5. 

[0015] tit, fltrEiB-g*fc^*ii5N i-fk^*«s 

N i 2 Oj • nHi OT?ifc5iE«e*fro«ifcWfe-(?*> 

[0016] tiWEa'&*fc^*Hsco-'fb*«* j 

Co:0, • nHtOTfc*jE«g4MI<DlH6#«fc'C*> 
5. 

[0017] *it, ztibom&xm&m^xftbtiit 

Zb&ft®.b-fZ>, L i ,Mn, N i „ C o. O, (flL, 
10 a, b, c(l, *©BB«Sr*i-35c!RIIH±fc*sv^-C» 
AA (a, b, c) = (0. 5, 0. 5, 0) , AB 
(0. 4 5, 0. 5 5, 0) , AC (0. 25, 0. 3 
5, 0. 4) , AD (0. 3, 0. 3, 0. 4) 

5, 0. 95^x/ (a + b + c) gl. 05T&3) 
[0 0 18] rftfc©IBfcfrSs«rJSV*T#&*l,fc 

20 [0019] ifc, MrejEtt&ttff;Hftrj£K&, 

[00 2 1] -*-*fc*>, #3§W#?>t;fc. ±fEB9SAfco 

fOAR5E*©iWt:*fc*BL/t. 1-ft*>*>, a-Na 
30 FeO z «5S©*-&BMfc*Sr-&iai-*fc*)*:oT, H** 

7C%<DffltmX VN-ftut)3«T-/£(ttutf s "g-$£*bfc 

40 fc»»?ttfcSJws#aEu «ne«MfbiMtArtoL i 

iS Lfc «t o -ClOEIf MKt#M)*i- 5JIHi*5i:#^ 

[0 0 2 2] -t-*fc*,, #3MlttU JS!|E^fe^v^ttOT^fe 
«©IS^ffi?r 3 «-CSE- ffl»JWBF©»flsRlll**&- 

»**< , < **nsfle«!>*#K:i«v^»fl5 

50 <, 3akm©*9igUK:'J:oTt>*»ftT«>^* 
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[002.3] *%w<DMik*mz£ v&f&znz^m 

fb^L i.Mn.N ikCo.CM^ioV^ a, b, c <D 

[0024] mmm<Dm^mcFs^im^m^m 

z^b--^;tf>\ H^b-=-S"Jr/W, =^b- = 

•M(III) .O, 'nHiO «1U MliMn, Nijft 
UCo, n = l) (O^CDtO^S^If, Sk**s»*t?fc 

[002 5] MMttOfflB&tettl*. $ e>K**3Mb 

5t>weii*v^, »{b* 

«-fr»bft«:L i,Mn.Ni k Co e O, T*Lfci#, 
a^jRTcSf©* (a+b + c) {C*fLT5£^Jt-C0. 0 
0 1-0. lffiFt-fSi, «dH4!B«r»fc*>1\ 

[00 2 6] tfrfEa^^jm-fb-a-^ t V ^ § ^3jSf t L 

[0027] mmmm<»m$i\zm*>xmm-ehz 0 w 

n:Ni :Co=ll : 9 :0t LT, 8 5 Ot^ife 
IWfofcH^KS, fff1ELfc#H¥8 - 17 19 10 

**il5»i^«fls-&«©7E*JtSrMii : N i : C o = 

1 1 : 9 : o t lt, mmm&mmmz 9 5 o<C£Ltt 

ttttUCffittfcS^bfe^^-et £JLWdL 

/c„ ftftaii&srs 5 ott L/cM#(D^iri4r{f^'fe 

o o t: t .Lfc*#©«^Mb*H:itt«' i ttw e> 
5^fe<o-feffiSrSLTv^ 0 — 8&*&aiaA#i 1 0 

[0028] &mmtt<Dtmm&vo\-t. m&B&m&m 
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&mt&Qo (Mn(m)Rft:«K>Ni (IlDtfcWCo 
(III) 1Mb*) SresaS^LTt«t<, t&1S*£&JSWb 

tt&offiflpfr 

[0 0 2 9] 

[0030] #»Wfc#s#;!k*#irm*&.*, jES®* 

20 [0 0 3 1] -m\^ V f^Aift^O 

— K ^Ulsjj— K ^Baifl/yi-^ 

f /Hi ; f h5t KB7?i/Xt4tO|li# ; 1, 3- 
30 S**-**!', 1, 4-^^rf->- x 1, 2-i?^h^> 
^ V. 1, 4-v 5 7'h3rv'3i*:/ N ff-frW^-i J* 

^(D^.-'r/vm ;T±b-hV/K -<>^~ V ]) ;\^<D 

[0 0 3 2] mmn&h LXtt. L i C 1 

0 <( L i BF ( , LiAsF,, Li PF ( , LiSC 
N, LiBr, Lil, Li,SOi, LijBi.C 
40 1» 0> NaCIO,, Nal, NaSCN, NaBr, 
KCIO,, KSCNfCUf^ (Li) , i~ b V V 
M. (Na) Xtt*y7A (K) © 1 «Sra?tf*HW^"> 
Jg> LiCF,SO,, L i N (CF, SO2) j, L i N 

(CjFsSOj) 2, LiN (CF3SO2) (C.F.SO 
2) , LiC (CF, SO,) L i C (C, F 5 S 
Oj),, (CHj). iNBF,, (CH,) ,NBr, (C 2 

H. ) ,NC10„ (dH s ) 4 NI, (C a H T ) iNB 
r, (n-C,H,) .NCIO,, (n-C«H,)«N 

I, (CH.) .N-ma 1 e a t e, (C 2 H.) ,N- 
50 benzoate, (Ct H ( ) t N— p h t. a 1 a t 
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fc5V^2«^±^LT/gV^^i#«rf6-? 
[0 0 3 3] LiBF.UiN (C 2 F t S 

[0034] #*mmm^rtzw,Mwi&<D®g.k lx 

0. lmol/l~5mol/liW*K, 
L< 12, 0. 5mol/l~2. 5mol/ 

1 -C&5o 

[0035] *®w<D})^vj>>-ikn,iti<DiEm\a-t}) *s- 
[oo3 6] jEm<D3:mmi8.i$.ftx~3bz>jE®mv>)Wb l 

LTtt, -^Li,MX 2 , Li.MN.X, (M, Nit 

fc&m&TF-to ) -Cfc>9, flitfLi.Cc.M.O,. 
Li 7 M nj -,M,04 (Mte, I^P>VIIIi£©&JS (fly*, 
tt, Li, C a , Cr, Ni, Fe, CoOl WmSl± 

fe©M«7G?£S&:l:£^-x|itcoV^fcm&T*t 

^i*-e^-e*>5ds, l< fi&ii&i;©^^ o 
$x^i-?jb5, -sfc y^^i^^-ry^i-o^r 

»*t<i*Bcm**o^e>osyai2-c*>*. ) tm 

[0 0 3 7]*^ IH1Ey^!>A-&*--fls-&*K:fl!i<D]E« 

^M^m^vx^xi>i:<. m<oiEmm®>wb^x 

IS, CuO, Cu,0, Ag:0, CuS, CuSO<§ 
©I^jS-fb^, TiS„ SiO,, SnO#©IV& 
te^-tSfWRf (d.„) 
a *fcfrlRl©*tfi*©*t $ L a 
c *fc£G]©ifififr?©;** $ L c 
2. 0 0~2. 2 5 g 

&mm\y$as yv, *** x t^a^t-**-*^ £ 

JS, !)f!?A-7;V5-9A, y^-A-IS, y^?A 
y^^A-T/i'^s^A-^x, y^-7A-# 



V 2 O s , V 6 0 12 , VO,, NbsOs, Bi 
2 0 3 , Sb,0,*©V8i&JWfr&4k CrO„ Cr 2 0 
3 , M0O3, MoS„ WO,, S e O. *©VIifcfeJWt 
■ft*, Mn0 2 , Mn,Oi#©¥IIJ(IA«flS'fr*, Fe 2 
O,, FeO, FejO,, Ni 2 0,, N i O, CoO,, 

va-=is<a< vm^mtm^v 
&mx&mv*jMtitm* *y 
fa-/p, #y7=yy, #y ^571=^, sKyr 
10 -fe^w^, #yT-fe>5R«tW©»«ttK4HHt:'&*, 

[0038] mm. wis y j»^m®&mmt® 
^mmmRxmmm. j?>i^i?i^ct7o-tti 

«t LTjE«^B £ LfcfK r. ©]Effi-^iJSr*««: t LT 

©fs^7 xmmim*;. xttsm lt 5 0 1:~ 2 5 0 <c 
ss©ta«-c, 2 mmnmm®&m.-tz z. tic* vim 

[0 0 3 9] n®&Wb LTI4, y^A-C^VSrtfffcb 
20 *>5V^ttSOiW-5- fe©?tS^©t>©?fc*U2tfh> 

& (y^^A-r^^-^A, y^?A-$s, y 

y ^"7A-r/u$=ii7i-^x ( y^?A-# 
y-7A, Rtf*? ^^©y^^A^js-^*^) , 
y^^^«-a-s?{bfe (y^A-^*^) , wn&ma 

fife, (^^777^ k ^-k#-#^ 

ftf)©ttt)^7 7 7^ M4, ^*y^^^lCfii*T5fi 

v^ffllt^tL, S5VNf^«mffi-c©^*!cmSr^t?t 

30 5. mmmmt vxv^^^mv,t.m^K 

^®^^^^TtffpLTfo5^7 7r-r hit, 

[0 0 4 0] ^T(C, ^if^i^cffiV^5wi:©t?t•5^/7 7 
7 ^ h©ay^^j|llJfH»K:J:*^«f»***^ ; 

0. 3 3 3~0. 3 5 0 nm 
2 0nm &L± 
2 0nm Ki 

/cm 3 

y * a, xtf* v Y^&m<r> y ^ -7 ^^m^^^ St 

iaotyf7AiSSA^fc^777^ 

[0 0 4 1] ]E®e^«©i^#:SO:A®H-^©i^ff«, 
WS^t^Xl 0 0 am£tT-C*>5ii:#a*U\ 
IffiJS*K©»frH: v **«S««ffll©i«ffl73# 
50 tt«:G]_t1-5g«n?l 0 MmHT-Cfc5:H5I*L 
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m^btiz. mz.mm. -^ks/k m 

am «*jR#4MRiifc£as % ft 

[0 0 4 2] Ut±, E«a^WiO±5Hllj«ja»-e*>5 

[0043] mwnt LTit, mmttiBfcs»#%&« 
jzumm mum®, ±ytm§&%) > ass 

(M. -5"5r/K 7VW5-17A, H, ^) ^ ^juk 

[0044] r*te>o^T? % warn* lt»4, a^eg 

V\, aafflotSftiaHu jE«X»A«©»a*K:#UT 
0. HiX~50Il%iSff*L<, tCO. 5fi4 
%~3 0 LI \, #ICT-fcf 1^:7*75^ £ 

0. 1~0. 5MmajiaBtt?l£B#LTAV*&j:i&)| 

So 

[.o 0 4 5] strsfflg#^)iLT», a?t> #yfb77 

/l^nifwy (PTFE) , #V 7 yfc\f-V 7*1/ 
(PVDF) , JtKyif H/-, ^DT'PtV^iDiW 

(EPDM) , ^A^WtEPDM, Kl-Wf**?*. 
(SBR) \ 7 93K^«0^fftttr«i-S4f 

y^-£i axis 2 «eu:©»s# t vxm^ r. t # 

LT 1 ~ 5 0 L < , »C 2 ~ 3 0 

[0 0 4 6] ttrfEMUte^lt LTIt ii*. 
f/>t;Vn-x s ^f;kfe;vp- x4$<D&W&&& IV 

*«©IMM;fc*t LT 0 . 5-10 * L < , 
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[00 4 8] jES&tfAHtfU MESftflT, saauw 
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— /b^ifcon— 7— =2— x-r ^^y-yn- 

[0 0 4 9] gkM&k Ltlt, «J*S*bfc«»fci3V^ 
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[0 0 5 0] *m^©^lcoVNTI4, 
~5 0 0 /im©^)©^SfflV^P,^^5„ ^tve>O*«#<0^ 

tetitchobftZ* tot, 5*affi**f5i 
v^r.t^a*tv5. 

[00 5 1] **«M«»fflir^v-^ i: ttli, ff 
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y^^-T-nfu^m^ 7y{t*-V7 s >-hv 
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#v 7 5"ftlf=y7*V-^W'^-x h77;^nxf 

i^#*^W*J|Mf 5 r t #Tr* 5. 
[0 0 5 2] *7k«Wf«»ffl-fe^V-*©ffl?L*tt!ft 

[0053] ^wmrmflfeffl-tr^w—^tt, $1 

^ttr^ y n= hy/K xfw^'/K, 7ntvy 
K, ? TV y K t*^;i/7tf-- 

K tfxvufoy #y ^y-fbtr-y^^co^y 
i £ -Clllj* $ Its # y -r-^A^ffi v % J; 

[00 54] *^K©^*«««^±|Ec7?J: 5 (CT'Aft 

[0055] «*e>tc, #*m«?K«?ifeffi-fe^w-^ft, 

At m£JlTO«»jKttJK y ▼ - Z&m Ltc7 4/l>A ZWtfL 
[0 0 5 6] IWaWSMMt^y^-iLTtt. *!)7^ 

yw-r— bS^i-s^y^-^MfiiL^y^- 

LTAPfSft^^-H (UV) SrfflV^ 9 s (EB) 

T*ifc5. 

[0 0 5 7] aHe*H&Httt#y^-fcH:; &A-*4M£1M 
>"7A, «»^^'>^A*4f<oAM«»j|[} N *y^ 
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t7;Ptn7n^U7*l^ ^yr^yn^hy 

a. ^y^f/M^^!)w-h« «*we>Jx5 0 n 

5 0fi*%£TF> L< ft 2 0S4%^T-CfcS o 
[0 0 5 8] gtllET^ y U- fcoV^T«*f 

T^yu— k 7afv^D 
10 = — (^i?) k Tv'tfyf-^t^ 

xf^ya-A-s^f/K; (^i?) r^y w-k a 

^|2SLhfi#JxfV^!)a-^ T^y 
w-k fi-S-S 2 £.±<D^ y 7Ptv^!l 3-/wv? 

(^^) r^yw-k #y ^^^u^/stfy 

>-i?^— sua x^yw-k ^wf^^ 
y=-/wi? T ?\ju-hi$} . 3 fie 
r*yw— h {by^^o-A7'D/^hy r 
^y-tyvhy r^yw-k if 
20 y-ty ><D^\s>***sh*tito4tB<z>h}) it?) r? 
yv-k ^yt!)>o7Dtwyt^>K#»oh 
y r^ywk ^y-try ^<d^u^^^ 

h\ 7x2 ifvy^*/ K#iPfe© h y ^) y V 

^^y-ty v^dr-y- r^yv-b^} **tfe> 
5^ tas-c#5o 

[0 0 5 9] lulBT^y l/-h^7^-JC|i x ^tt^S 

^A*»» ^w^^ 77-^s, Jt^^m, > 

h73>S, ^7=7i, ^fwy-rnyS, 7^~y 

^ y AT 5 K-2-^f;u7D/^^*yS^) XI4 
%tlb<D& (Lifi, Nat, Ki£, 77^x7^1, 

in*A#>»src i~c i 8©jBw»EXi4jiais:TA=i 

40 -A, TVU^rV-V (C2~C4) /ya-/K jK'JTA 
^fV> (C2~C4) ^y 3-A#Trt|J^Wfc3i^^A 
{bLfcfc© (><^Wl — b, ^E-y t Ko^i/xf^T 
W-h, sfeiT) \ RVTl"e-Ts lf&Xit2m7Xy 

N-^f;WW7S*775 K, N, N-^^A-^ 
K>I*/7S Kftif) , (^) 7^;«i^7 
A [Cl-Cl 8c7>SgflS^ (^^A, x^A, 7nf 
A, y^-A, 2-X7 % /l^.*5/A', ^77y/Vf) 7A 
= -A£ U^) 7^y;HSt©x7>7/K Xli7;^ 
50 W (C2~C4) ^y=-/P (xfl/y/ya-zK 
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/Dfi/y/U 3-/K i, 4-y'?>i>#- t\<m R 

iwymwy (C2-C4) yy=r-/w 

l/>^y=r-;K *!)/d^^!)3-;P) 4 (y 
y) TfVJU&tbO^XT/i''] ; (y*) Ti?y/PT5 
KXf*N-ftg! (y*) TZV)\>T% Y I 79 
y/KTS K. N-y^/W (yy) T^V/WTS K, N- 
y^n-/w (y*) ryy/KT? K*] : lf=Aoc;*^ 
^XI4Ty;^^r^ [ft»ir=.A\ SlFSlTyyi^] ; 

x/K Kf^^T y ; Tpfi&ft]- h y /Wfc 

£•$1 [ TtVu-bV/K W bi^-bV^ 

^] ; ^SaiPT/w=-/w [ (y*) Ty/wr/w=— a> 
m i^SSftrsv [ (y*) Ty/wr$v, -^y^w 

^ (yy) r^yu-^] ;«ifiSS-£^pey^- 
[N-t'^/vfD y Y>, \f=.;vWJl/m ;*uy 

v, 'fy^i^y, 'O'fy, (C6~cso) a 

uy^yQi ; *u74>mm*.fc<\:*m [->yn^< 
yy^\f-i)y>. ^y-y/ua-tiya f 

l'^] $>*V5 0 

[0 0 6 0] tUfE^^^^y^-tcov^^-f-s 
^y i/vVw^-x/ns {tr^y^y — /wAv'^y ~> 

^ J *-A>J tfvyyyv ~>vVW3i— x/K ^ V"V*— /wy 
^^y^^^^x-f;^} ^ i/y v-^v^^^/w 
@ {^#1M: Yoyy/^yv^/^^y/K 
-l^^y^n^r/vl) , ^y^i>/WT$V^g {b 

y y y y v-r j? s . x h y y y v- vVi^x 
? y 7x^ ; !'y§) , m 

timm=-#*-<M ran o, 4 3c^^^-6y^;v^^ 

n^dr^/wy ^/P*/l^3j?^r~>^— K 3, 4^.#af->-> 
[0 0 6 1] M1EWIs#JcD#!I t LT«\ 8gK&# y T $ 

y® l^ifi/yhy75y bv^v^yby^ 

>\ 3, 9- (3-T$yyntVw) -2, 4, 8, 1 
0-x f>a*dflf-*fn [5, 5] «7^x*>^} , & 
fijKy7?yg (^^^yi/y^j?^ -^7^7 
i^/vyyy^} , #!)7S m w^-^yr? 

y y ^ Mt feky^/w-v^y®?} „ y^/~/um 
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[y ytfyyy 2$) , *!i'^;u*7^> {#y 

syy^vi') 7i/-/k 2-^ i f-/p-4-y^/^ 5 

[0 0 6 2] WB'f V^T-*— h***1-5*y^-JC 
n/py^v^ yi/Tf— i, 6-^^-^y^w^ 

•^yv-7t-h, 2, 2, 4 (2, 2, 4) - MJy 

10 f-zu-^-y-y ^-u^^ y->7t- K p-y^-u- 

yi/T-^ — 4, 4' -v^v^y n^dri/ywy^ 
y^y^r-*— K 3, 3' - Vj-f-lWyy^-fr 

4, 4* -^y->7t-h, -^y^y^y^ 
yuyyVy^t-h, ^y7toy^y->7t- 

1, 5—ry9U>i^4 y^Ti—h. trans 

-l, 4 -v-^ D^^y;w^yy7t- 

[oo6 3] m&ryi/T-i— b&zm-rz*;^-* 
20 $gfi6i-5i^fefcoT, sify^-- /MS&iw 7;yi 

xfl/y^ya-yK 7otfk> 
^yri-zw, ^xf-wy^y a— v^^xifw^^y 
a-yHf} , 3^16^-8-^ {j/y-tyv, hyy^n- 
jvyu^y s i, 2, 6 b y /u, by 3i 

?y-/wr$>^} . 4 •g-tB^-g-fe {-ty^aiy^y h 
-zu, ifwy-^^y, hyw^^T5>, -y7i= 
/wy y V^T 5 V, fh^^fD-^a^fy, 
^f^ai/Kf) . {2, 2, 6, 6 

-f (t Kci*yyf;w) i/yv^y-y — 

30 /K b^l^^byT5^*4T} , 6*&«ft'&« {y/w 

-fr* {y.-ya~-y.<%) ] , M*yx-^yt- 
a« (MfB^y^— /wxtt^yr? y©7"B^yy^ 

^x/^y^--/u [t5iE*y^— /w4#tts» {T^f 

o, m, p -yf/i'&i, =>^ym. r^y4>m. 
*s<is>-m. y^y-/^} t (on-tm. #y*7o7 

y h^sKy^— ;\> £ -*7n5^ % t K 

[00 6 4] iWBSMtR^fcfcfco-C. 

^b-g-^S, hy7;^;v*^7^yg > 7?yf [^ey 
T5>!g {N, N-i?y^/U^y a's^W^y, b 

-y^^e/^y^} , v'r^v® {n, n, N' , 
n' -f h7^f;vxfv.yi?7;y, N, n, n* , 
N' -7h7yf-;n, 3-7^y^7?y^) s bV 

7$>m (N, N, N' , N' t^^y^/^az^W 

50 ^hyr?^} % ^**$>m {N, N, N' N* - 
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fh7 (3->7f/V7 5>/7 , oir/l') -^>i/7? 
(DAB CO) . N, N' -^f/Hf^r^V^ 1, 

2-v^tvM'5;?V-/K 1, S-i>7Wy?u 
(5, 4, 0) *>-ri:V-7 (DBU) ^} ^s, Stf 

[oo6 5] *®mc&z>#7i<.mmmfmte. mms 

[0 0 6 6] Pf^Iii;llfiO»WiLT 

tfRJtSftfcv^ L < HMJ.ojfefcfcTyi'S - 
LTfi, *!)xfi/yri/7^Wh7>f/VA, t^.o 

[0067] v7tJ*-#.m&<z>mmz-o^xtimzm 

[0 0 6 8] 

m, ah, v-^mimcwm^ 

^>JCfefc-oTfflVNSy^!7i>.« (LiOHftif) ©4 

LTMey ^*-Ml0**-l~2«f Li LTt>J:v\ 
[0 0 6 9] *flatcfc'j:SL i ,..Mn 

o.iiN ii, uC Ot. u O2 <2>fN& 
Mn, 0 3 • H 2 O, N i , 0 3 -H 2 O&tfC o , O, • H, 
OSr, Mn : N i : C 0 = 0. 35:0. 42:0. 2 
3 05c*tt;fc3i5J:5K:-tji^Pti4l89«t"*>, M&Mnt 
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O, • H 2 O <Dmm.*.mt b WEN i , O , • H 2 ORVC 
o 2 0, • ^CHD&JbjtemtbSrttZtlO. lmol 

/ 1 ©*iwfr*- mj g^-^ P H£i 

1 fcfiWbfc£**T»£"U itJR4j«ftSr*BiJ • 
Sr. Li :Ni : Mn= 1 : 0. 35:0. 42:0. 

T, 4 0 0tt5^ m^Xl 0 0 0TC-C5NPMf|ft«i 
5 3. t T?, L ii.iMnt.nNii.iiCoi.nOit? 

10 ^ztizmfcniEmftmw&'&tco 

[00 70] (3Wt«2) ~IM«B*»tJ:5L i 
Mno.ssN io.42Coo.23Oj ©f£§g 
L i OH, Mn, O, • H 2 O, N i » O, • H, ORTfC o 

2 Os • H 2 0£\ Li : Mn : N i : C 0= 1 : 0. 3 
5:0. 4 2 = 0. 2 3©7Giifit£&5J: pKtKKIB* 

±X -Wttk* 1 m m*« btl:Z£5 m$3&& 

4 0 0 c Ce5^FM, *IEV^T1 0 0 0^5 WIBUftto 
L i 1. ,Mn 0 . 35N i 0. 42 C Oo. 23O2 "C 
20 ^$tu5«a^OlSffi^«^#7c 0 

[0 0 7 1] (HJfSW 3 ) ~* !7^jfe6P 
L i OH, Mn,0, • H 2 O, N i , Oj • H 2 O, Co 2 
Oj • H, ORWB, O, Li : Mn : N i : C o : B 
= 1:0. 35:0. 42:0. 23:0. 0 0 1 <D% 

*7 v -tnm^it^ 4oo e c-e5i^ra, ^v^ti 

0 0 0X;X'5mmm&m.1-?>ZbX, Li,.,Mn.. ls 
N i , . 4 2 C o , . 2 s O2 Xtf $ H^iBjEiKOjESiSttff SrW 
30 fc„ 

[0 0 7 2] (^SS^J4) ~1 1 0 O'CfSMS 
L i OH, Mn 2 O, • H 2 O, N i 2 O, • H, OK.tfC o 
2O3 • H2 0Sr, Li : Mn : N i : C o = l : 0. 3 
5 = 0. 4 2:0. 2 3©5fi*Jt«h45iSfc*K:IBM 
iTOttfg* 1 v mlaffib *5 «t 5SS;»# 

4 0 0^5^, «V^1 1 0b"CT?5^BHR«i 
t"?, L i ,. 0 Mn 0 . 35 N i 0. 42 C Oo. 23O2 

40 [0 0 7 3] (H1K«|5) ~9 5 OXtiktm 

L i OH, Mn, Oj • H, O, N i , Oj • H 2 O^C o 
2 O, • H, OS:, L i : Mn : N i : C 0 = 1 : 0. 3 

5:0. 42:0. 2 zoTtmvcbtazi. oizMcmm 

. $ ±r (D^mi 1 u m^m bt£%>& 0 m&m 

^, 4 00 < CT?5^PW, i^V^9 5 0 < C'C5^WfR«! ! a 
"t'^^.ir'C, L i 1. oMno. iiNii.nCoi. 2 3 02 "t?^ 

[0 0 7 4] (HJSW6) L i OH, Mn 2 0, • H2O 
50 ijO, • HjOSr, L i : Mn : Ni =1 : 0. 
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4 5:0. 5 5©S*Jfc£43J:$l£*fcSHiS*, ± 
-ftiL-it. #6>iLfc^9y-S:iai**fc1l, 40 0t 

■e 5 bml a^r i o o o *ct 5 r t 

t?> L i i. ,Mn.. «,N i o. ts6 t Xm£iXZfo&<DlE1& 

[0 0 7 5] (HJSW7) L i OH. Mn a O, • H, O 
StfN i 2 0, • HjO^ Li : Mn : N i = 1 : 0. 

5 : 0. 5©5c**fcfc$£5(C*fc!BM$-£ % £T© 

Lfc 0 #?>tlfc^7y-Srl£j!i$*fc#. 40 0*CT5 
Bffffl, i^V^Tl 0 0 O'CTS^fWfi^S-t-Swir-e, L 
i,..Mn». s N i o. 5 O s T?^$tV-5^<DjE^ffife®S- 

[0 0 7 6] mmm8) L i OH, Mn 2 0 3 • H 
iO, N ijOi • H,0&tfCo 2 0 3 • H 2 OSr, L i : 
Mn:Ni :Co=l: 0. 3:0. 3:0. 4<Dtc^ 

4 o o^c-esnfH, uv^xio 

0 0 < CT-5^W^3S|-r2>^t^ Li,.,Mn,.,Ni 
o. 3 C o . . 4 0 2 t?*$it5lij«OjE«S«JtSr»fc. 

[6 0 7 7] (HJS099) L i OH, Mn 2 0 3 • H 
2 0, N ijOj • H 2 0,K.tfCo 2 0 3 • H 2 0£, L i : 
Mn:Ni :Co = l :0. 25 = 0. 4 = 0. 3 5© 

TclfJtt&SJ: 5ic*ldi$S$-t4\ IkXtotfcP&ft 1 

*i^9y-sria»s*3t*, 4oot-r?5m m^x 

1 0 00tf5«Mf5ri:?, Li,.,Mn 
,. 2S N i.. 4 Co.. 35 0 2 T?^$tl5ffl.^cDESSfeWSr 

[0078] (itwj i ) ~ 1 2 o otawaa 

L i OH, Mn, 0 3 • H 2 O, N i 2 O, • H 2 ORXIC o 
2 O s • H 2 0£, L i : Mn : N i : C o= 1 : 0. 3 
5:0. 42:0. 2 3 «t * 5 ± 5 fc*fc«M 

±X<D%L?m* 1 „ m£W t fc5 «fc 5 fiS»# 

4 0 0t:T5^FM, «V^T1 2 0 0 , CT5l*iWIMa 
tT, L i ,.,Mni.,tN i .. 42 C o 0 . 23 0 2 X 

[0 0 7 9] (JfcftW2) ~9 0 0t»l 
L i OH, Mn 2 0 3 • H s O, N i 2 O s • H 2 O&tfC o 
2 0 3 • H 2 OSr, L i : Mn : N i : C o = 1 : 0. 3 
5:0. 4 2:0. 2 3©5c*Jfci:fc5i3fc*P:»» 
4T«*^S# 1 /u m*jt t * 5 J; 5 SA»# 

u ^9y— ftLfco 

40 0 t CT5^W, «V^9 0 0t5T5l*IH*^ 
■f*5ii:T?, L i 1. ,Mn,.„N i ,. 42 C CnOitf 

[0 08 0] (Jt«0!l3) ~7 50t#ft*&3 
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L i OH, Mn, 0 3 • H 2 O, N i 2 0 3 • H 2 OATfC o 
2O, - H 2 OSr, L i : Mn : N i : Co = l : 0. 3 
5 = 0. 4 2 = 0. 2 3©5E*Jt£*5 J: 

tTOttf«# 1 ^ m*«t ft 3 X 5fi5&&# 
L, *7y— ffcLfc. #ibttfc^7y-^H;^§-&fc 

4 0 0tt5H^ «Vvf7 5 0 < tt?5li#W$$yi 
f 5- it, L i 1. .Mn,. ,iNi,.,iCo,. 23 0 2 "C^ 

[0 0 8 1] (J^tfiEM 4 ) Mn (NO,) 2 , N i (NO 
10 ,) ,MCo (NO,) 2 £r, Mn : N i : Co = 0. 3 
5:0. 4 2 = 0. 2 3 Ojc* it kftZX? iZ^tlZtl 
Jilt) St), «&©I1IIS0|JttfiJ 1 iPMUlCLT, *itffi 
CiH ii.iMni.,iNi,. 4 jCoi.:iOi "?7F£;h/5 

[0 0 8 2] (Jt«W5) Mn (NO,) 2 , N i 2 O, • 
H,OOTCo (NO,) 2 §r, Mn : Ni : Co = 0. 
3 5:0. 4 2:0. 2 3©5£*Jti*5J:5R:-tiT^ 
ixffll W^oxSltHJI^J 1 fcWMUKLT, #tt 

ffii£<fc t) L i 1 .oMn 0 . 3 sNio.4 2 Coo. 2 ,0 2 "Ctf&;Jt 
20 5ito£cO]E^g^®^#fc„ 

[00 8 3] (itKW6) Mn 2 0, • H 2 0, N i (N 
O,) ,MCo (NO,) 2 £, Mn : Ni : Co = 0. 
3 5 = 0. 4 2:0. 2 3©5E*Jti:*«i5K:*ii^e 

ffi(Cj; 9 L i ,. 0 Mn 0 . ,s N i „ . « 2 C o„ . 2 , 0 2 "C^^ft 

[00 84] (JtSW7) Mn (NO,) t , N i (NO 
,) 2^0 0,0, • H 2 0£, Mn : N i : C o = 0. 
3 5:0. 4 2:0. 2 3©7c3UJti45J:5K:-tiV? 
30 fUR 9 R «5 , K&WIgliUJgW 1 £ ngft£ LT, *tt 
ffitCj; <9 L i ,. ,Mn,.,iN i 0 . 42 C o,. 2, 0 2 t?*$ix 

[0 0 8 5] (J=b$fc#J8) L i OH, Mn 2 0 3 • H 
,0, Ni O, C oOMBiO, Sr, Li : Mn : N 
i : C o. : B = 1 : 0 . 35:0. 42:0. 23: 
0.001 (DTtmit t ^5 J; 5 lkT<D 

CioTL it.oMno.1tNio.42Coo.21O2 
40 5«a^©IEffiS!fe®^#fc„ 

[0 0 8 6] (JtK^J9) L i OH, Mn0 2 , N i 2 0 
1 • H 2 O, Co O^.U«B 2 0 3 £, Li : Mn : N i : C 
o : B = 1 : 0. 35 = 0. 4 2:0. 23:0. 00 

Um*li:45J:5W»U ^^y— fbLfc 0 £1 

L i 1. tMn*. it N i «. ot C oo. 23 O2 "C^$fl/5MJ5|(D 

[0 0 8 7] Q&mi 0) L i OH, Mn0 2 , Ni 
50 O, C o 2 Os • H 2 OlkXfBt 0 3 Sr, Li : Mn : N 
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20 



i : Co : B = l : 0. 35:0. 42:0. 23: 
0. 0 0 l©5E*Jtfc4a±5»C*K»»S*» ±"C© 
tt^fStf 1 ti m?m t '*5 «fc 5 «U£©» U * y V -ft 
Lfc. eil»03aiW:m6«2ilRlfll»cL-C» »M 
CioTL ii.iMnt.jiNio.uCog.nO: 

[0 0 8 8] (Jttfeffl 1) L i OH, Mn.O, • H, 
O&tfN i 2 O, • H, OS", Li : Mn : N i = 1 : 
0. 5 5:0. 4 5<D%mttk%Z£?\Z7Mz®m£ 

£T©**ft8* 1 u m*ffi h fcS «k 5 fi5£$&# U 10 
*7y-ftLfc 0 #fetvfc*7y-£S£&£-£f;:&, 4 

oo"CT5«wh, **v^i oocc-esnWBiiMfta-fs 

[0 0 8 9] OtftWl 2) L iOH, Mn 2 O s • H 2 
OS.tfN i 2 Oj • H 2 OS-, L i : Mn : N i = 1 : 
0. 25 = 0. 7 S<D%m&b*Z£?Kik\mnZ 
-fr, £X0M*&& 1 /i fc #3 «fc 3 S3ttft< L, 

0 0"C-C5I*IB, ^eV^TI 0 0 0'CiP5B#IIBIMKB-*-.5 20 
dirt?, L i ,. ,Mn,. .N i,. 6 0 2 fTFZtlZUl&tDjE 

[0 0 9 0] (ittfc0!ll 3) L i OH, Mn 2 O s • H 2 
O, NijOj • H, ORtfC OiO s • H 2 OS\ Li : M 
n:Ni:Co = l:0. 25:0. 3 = 0. 45 ©tg 
*Jtfcfc3 J: 3 itCS?i«t 1 nm 

*?y-£«*3*fc*. 4 0 0"CT5l*m, iRVvtl 
0 0 0 < Ct?5^M^a-t5ri-e, Li,..Mn,.„ 
Nio^Cc^sOj^^ttS^roE^SfeS^ 30 

[0 0 9 1] (Jttfrfcll 4) L i OH, Mn a O, ♦ H, 
O, Ni 2 O s -HiOMCcO, -H 2 OSr, L i : M 
n:Ni :Co = l :0. 25:0. 5:0. 25 ©tc 

5l5»i:fc5J:3«5S»#U fbUk. #£>;h.fc 

4ootf5sra> «vvci_ 

0 0 0t:T*5^M^®1-5it-e, L i i . o M n o . 2 s 

Ni..4Co,.».0»-C*$n*iBJ*©EffiSf*ffSr# 

feo 40 

[00 9 2] m 2 tc, ±ttnmmRV)ti&w\z <fcoT<g- 

fc&fctzM&mk®)*: 3 7c^B±|C^-f . OEPtt-tlE 

[0 0 9 3] (^W«ttl~9£tfJt*MlMil~l 
4) ±B©J:3R:LT-&j*LfcIE*g«Mi\ *S^J-efc 

!)r> (PVdF) £, fi*J*8 5:10: 5 ©W&-T? 



?S£L, y K> (NMP) ^Px. 

SrffS 2 0 ^m©TA5-^AfS*m^±©-^©®(c 

*K:»*U JMETl 3 O'C-ei 2*mifcftL-fcft, ^ 
u*iDIU 1 cm' ©RIERfcSWrU 3E«i 1 t Lfc 0 
[0 0 94] A«mTC*>aAi£JlM& (¥*WfcS6 « 
m, iy^^lftigjfftKiiSiiilBH (d.. 2 ) 0. 3 3 
7nm, cti*|6]©g|f©^:fj (Lc) 5 5 nm) 
RtfyKV yyfctf-Vrls (PVdF) SaftJt9 5 : 
SOWS-Ta-a-U K> (NM 

P) ZMZT+ftmmV. bSr#fc« 
WIBA«^-^ b£J?£ 1 5 m m©^fS*«frJJ¥§ 1 
2 »m<DVM8m<D— ^©BfCtfcfrL, #52 5<C©fgm 

f-ce«»afta, «i*©iBfciHj«ca*Lx 2«eti 3 
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